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Compact laser probe for profilometry. 

@ Optical metrology apparatus, specifically a 
laser probe (1) . includes a frame (10) comprised 
of a material selected to have a predetennnined 
coefficient of thermal expansion. A beamsplitter 
(36) is coupled to the frame for generating a 
sample beam optical path (D) and a reference 
beam optical path (0). The beamsplitter is opti- 
cally coupled to an optical fiber (12) that deliv- 
ers radiation to and conveys radiation from the 
frame. A piezoelectric stack (48) has an exci- 
tation signal coupled thereto and includes a 
mirror (26) for phase modulating the reference 
beam optical path length in response to the 
excitation signal. The laser probe Includes a 
first strain gauge (58) that is coupled to the 
piezoelectric stack and a second strain gauge 
(60) that is coupled to the frame. A closed loop 
control system (A1. A2, A3. A4. VR) varies the 
excitation signal in accordance with the detec- 
ted strains so as to maintain the reference beam 
optical path length in a predetermined relation- 
ship to a path length of the sample beam optical 
path. This athenmalizes the probe, in that any 
expansion or contraction of the frame is match- 
ed by the piezoelectric stack, yielding a net zero 
change in the non-common beam path lengths. 
The apparatus includes an optical fiber support 
(14) that is rotatably coupled to the frame for 
positioning the optical fiber at a desired angular 
position. 
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FIELD OF THE INVENTION: 

This invention relates generally to optical metrol- 
ogy apparatus and, in particular, to a laser probe ref- 
erence beam modulator. 

BACKGROUND OF THE INVENTION: 

An important aspect of a prof ilometer system is 
that the system be insensitive to thermally-induced 
drift errors. Another important aspect, for many appli- 
cations, is that the profilometer system be relatively 
compact and consume a small amount of electrical 
power. 

One known type of system has a single laser di- 
ode source whose output is focussed onto a sample 
using piezoelectrically driven focussing element(s). 
The scattered or reflected light is imaged by the fo- 
cussing element(s) onto a quad cell focus detector, 
and the sample surface profile is acquired by moni- 
toring the position of the focussing element(s). 

One drawback to this "laser stylus" is a limited 
range/resclution ratio of 1000/1 for any resolution set- 
ting. For example, a one micron range provides one 
nanometer of resolution. 

It is thus one object of this invention to provide a 
low power, compact laser probe that is substantially 
immune to thermally-induced errors. 

It is another object of this invention to provide a 
low power, compact laser probe having a large dy- 
namic range/resolution of at least (lO^:!). 

It is another object of this invention to provide a 
low power, compact laser probe suitable for use in, by 
example, remote ranging and robotics control applica- 
tions, in-situ metrology applications, as a replacement 
for conventional contact-type probes, or for use as an 
alignment device in semiconductor processing appli- 
cations, such as in mask alignment and/or wafer pos- 
itioning. 

It is a further object of the invention to provide a 
low power, compact laser probe suitable for use as a 
high resolution non-contact prof iler for semiconductor 
and other applications. 

SUMMARY OF THE INVENTION 

The foregoing and other problems are overcome 
and the objects of the invention are realized by a com- 
pact probe reference beam modulator that includes a 
strain gauge feedback circuit to maintain a desired 
reference cavity length as the probe body expands or 
contracts. The strain gauge feedback results In a sub- 
stantially athermalized probe. Furthermore, the 
probe body is manufactured from a material having a 
low coefficient of thermal expansion so as to further 
improve mechanical and optical stability of the sys- 
tem and to provide immunity to thermal gradients. 

Reducing thermal expansion contributions to the 
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measurement uncertainty significantly improves the 
precision of measurement. The compart size \rr\- 
proves the versatility of the profilometer. The use of 
a low voltage modulator also reduces power require- 
5 ments for the profilometer system. 

More specifically, the invention provid s optical 
metrology apparatus, specifically a laser probe, and 
includes a frame comprised of a material selected to 
have a predetermined coefficient of thermal expan- 
10 sion. A beamsplitter is coupled to the frame for gen- 
erating a sample beam optical path and a reference 
beam optical path. The beamsplitter is optically cou- 
pled to an optical fiber that delivers radiation to and 
conveys radiation from the frame. A piezoelectric 
15 stack has an excitation signal coupled thereto and in- 
cludes a mirror for phase modulating the reference 
beam optical path length in response to the excitation 
signal. The laser probe includes a first strain gauge 
that is coupled to the piezoelectric stack and a second 
20 strain gauge that is coupled to the frame. A closed 
loop control system varies the excitation signal in ac- 
cordance with the detected strains so as to maintain 
the reference beam optical path length in a predeter- 
mined relationship to a path length of the sample 
25 beam optical path^ 

This technique effectively athermalizes the 
probe, in that any expansion or contraction of the 
fr^me Is matched by the piezoelecbric stack, yielding 
a net zero change in non-common beam path 
30 lengths. This athermallzation technique substantially 
reduces thermal drift uncertainties in the prof ilome- 
try data. 

Also disclosed is apparatus for coupling an opti- 
cal fiber to a structure. The apparatus includes an opt- 

35 ical fiber support for supporting a terminal end of an 
optical fiber. The optical fiber support has a shape for 
being rotatably coupled to the structure for position- 
ing the terminal end of the optical fiber in a desired 
angular relationship with a surface of the structure. 

40 The optical fiber support ftjrther includes a clamp 
mechanism for fixing the optical fiber support at the 
desired angular relationship with the surfece of the 
structure. 

45 BRIEF DESCRIPTION OF THE DRAWING 

The above set forth and other features of the In- 
vention are made more apparent in the ensuing De- 
tailed Description of the Invention when read in con- 
so junction with the attached Drawing, wherein: 

Fig. 1 is a top view illustrating the compact laser 

probe of the invention; 

Fig. 2 is graph illustrating a variation in piezoelec- 
tric stack command voltage; 
55 Fig. 3 is a simplified schematic diagram of circui- 
try that responds to the command voltage of Fig. 
2 to provide closed loop position control for a ref- 
erence laser beam modulator, and 
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Fig. 4 is an exploded view of a compact fiber posi- 
tioner that is a component of the compact laser 
probe of Fig. 1. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to Fig. 1 there is illustrated a top view 
of a compact laser probe 1 that is constructed and op- 
erated in accordance with the invention. 

Aframe, or probe body 1 0, is fabricated from, pre- 
ferably, a single piece of material having a low coef- 
ficient of thermal expansion. In a presently preferred 
embodiment of the invention this material is super-in- 
var, although the practice of the invention is not lim- 
ited to only this particular material. The body 10 is ma- 
chined to maintain the stable (dimensional and ther- 
mal) characteristics of this presently preferred mate- 
rial. Components contained within the probe body 10 
are also comprised, where feasible, of the same ma- 
terial as the probe body 10 in order to minimize any 
material mismatches with the probe body 10. The 
probe body 10 is mounted to a bed 11 using a single 
1/4-20 bolt 11a to preserve the dimensional stability 
of the probe body 10. Approximate dimensions of the 
probe body 10 are a length of 6.5 cm., a width of 5.0 
cm., and a height of 1.5 cm. 

An optical fiber 12 transmits laser diode light from 
a source-detector assembly (not shown) and also 
transmits combined reference and sample beam light 
back to the source-detector assembly. One suitable 
embodiment for the source-detector assembly 10 is 
described in commonly assigned U.S. Patent Applica- 
tion S.N. 07/676,144, filed March 27, 1991, entitled 
•Three Wavelength optical Measurement Apparatus 
and Method" by Peter J. de Groot, (European Appln. 
No. 92302362.6). 

The optical fiber 12 is aligned to optical elements 
within the laser probe 1 with a fiber positioning as- 
sembly 14. Positioning assembly 14 includes a limited 
motion "ball" 16for angular adjustment of the fiber 12, 
a damp mechanism 18, and a fiber support mandril 
20. After the fiber 12 is positioned in the support man- 
dril 20. clamp screws 22 are loosened to permit ad- 
justment of the ball 16. After the fiber 12 angle is cor- 
rectly adjusted the damp screws 22 are tightened to 
secure the ball 16 at the desired position. 

Fig. 4 shows an exploded view of a presently pre- 
ferred embodiment of the fiber positioning assembly 
14. The fiber support mandril 20 is press fit into the 
limited motion ball 16. The mandril 20 serves to sup- 
port the fiber (not shown) and to adjust the angular 
position of the ball 16. The ball 16 is fabricated, by ex- 
ample, by milling a ball bearing to form a substantially 
cylindrical shape. The ball 16 may also be fabricated 
by forming a rounded edge on upper and lower edges 
of a rod. By whatever met hod the ball 16 is fabricated, 
the end result is that a first end 16a is provided with 
an edge having a radius of curvature, and with a sec- 



ond end 16b having an edge with a radius of curva- 
ture. The radius of curvature of edges 16a and 16b 
are typically made equal to one another, although 
they need not be. 

5 The positioning f ixture is comprised of the probe 

body 1 0, the clamp 1 8, and the four clamping bolts 22, 
only one of which is shown in Fig. 4. A spherical re- 
cess or seat 10a, having a radius of curvature that is 
slightly larger than the radius of curvature of the 

10 rounded edge 16a, is milled into a surface 10b of the 
probe body 10. A second, similar spherical seat 18a 
is milted into a surface 1 8b of the damp 1 8 for receiv- 
ing the edge 16b. The damp 1 8 is preferably fabricat- 
ed from the same material as the probe body 10 so 

IS as to improve the stability of the fiber positioner. 

A result of this mechanical configuration is that 
the ball 16, and the fiber containing mandril 20, are 
rotatably coupled to the probe body 10 and are thus 
adjustably positlonable for setting the terminal end of 

20 the fiber 12 at a desired angular relationship with the 
surface 1 0b. After setting the fiber 1 2 at a desired an- 
gular position, bolts 22 are tightened to fix the ball 16 
at the desired position. 

The laser light exiting the terminal end of the fiber 

25 1 2, indicated by the letter A, is focussed on a sample 
surface 24, and also on a reference mirror 26, by a 
lens assembly 28. The lens assembly 28 indudes a 
super-invar lens cell 30 in which are mounted one or 
more imaging lenses 32. Focus is adjusted by sliding 

30 the lens cell 30 within the probe body 10. After deter- 
mining a desired position for the lens cell 30, the lens 
cell 30 is damped with set screws 34. The "Vvorking 
distance" of the laser probe 1 is thus fine adjusted by 
moving the lens celt assembly 28 to focus the light 

35 from the fiber 12 onto an optical flat positioned at the 
desired working distance at which the sample surface 
24 will be subsequently positioned. Anominal working 
distance is 2.5 cm. The correct focal position is deter- 
mined by monitoring the signal strength at the 

40 source/detector assembly, while positioning the lens 
cell 30, until a maximum signal amplitude is obtained. 

The light exiting the lens cell 30, indicated by the 
letter B, is split into a reference beam (C) and an ob- 
ject beam (D) by a polarizing beam splitter 36. The ref- 

45 erence beam (C) is reflected from a fold mirror 38 to 
the reference mirror 26. The angle of the fold mirror 
38 adjusted with pitch adjustment/locking saews 40 
and roll adjustment/ locking screws 42. These screws 
(40, 42) connect a mirrorsupport 44 to the probe body 

50 10. 

The reference mirror 26 is mounted on a modu- 
lation stage 46. The modulation stage 46 is supported 
upon a low-voltage piezoelectric stack 48 mounted 
within a tube 50 comprised of, preferably, the same 
55 material as the probe body 1 0. The piezoelectric stack 
50 is coupled via wiring 52 to an electronics packag 
54 which is connected to a remote power supply (not 
shown) by cable assembly 56. 
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The reference beam path length is adjusted by 
moving the piezoelectric stack 48 to a provide a focal 
spot of the refer nee beam, with a nominal path 
length of 2. 5 cm. As in the focus adjustment of the 
sample beam, the signal at the source detector as- 
sembly is monitored and the reference beam focus is 
achieved when this signal is at a maximum. The sam- 
ple beam is preferably blocked during this adjust- 
ment. 

In operation, light reflected from the reference 
mirror 26 and from the surface of the sample 24 is re- 
combined in the polarizing beam splitter 36 and cou- 
pled into the fiber 12 by the lens assembly 28. The 
combined light is then interferometrlcally compared at 
the source/detector assembly so as to determine a 
displacement of the sample surface 24, relative to the 
beamsplitter 36. This displacement is indicative of a 
range to. or a characteristic of, the sample surface 24. 

In accordance with an aspect of the invention, 
the low-voltage piezoelectric stack 50 modulator for 
the reference mirror 26 is controlled by two signals: 
a dc bias signal and an ac modulation signal. The dc 
bias signal controls a nominal length of the piezoelec- 
tric stack 48 while the ac modulation signal controls 
a range of motion of the stack 48 about the nominal 
length. One suitable frequency for the ac modulation 
signal is 5 Hz. Fine focus adjustments for the refer- 
ence channel are made by adjusting the dc bias vol- 
tage and, hence, the nominal length of the piezoelec- 
tric stack 48. 

The piezoelectric stack control electronics 54 enn- 
ploys the output of a strain gauge 58 on the piezoelec- 
tric stack 48 modulator to maintain the motion linear 
with ac modulation voltage. The electronics 54 use 
the output of a similar strain gauge 60 located on the 
super-invar probe body 10 to adjust the dc bias vol- 
tage applied to the piezoelectric stack 48 modulator 
to simultaneously compensate for any length 
changes in the probe body 10. This technique stabil- 
izes the piezoelectric material of the stack 48 to the 
super-invar material of the probe body 10, thereby 
athermalizing the reference beam path. Signals from 
the control electronics 54 are transmitted to the low 
noise piezoelectric power supplies via the electrical 
cable assembly 56. 

That is, the piezoelectric stack 48 modulator is 
controlled with the first strain gauge 58 attached to 
the piezoelectric stack 48 and with the second strain 
gauge 60 that is attached to the central rib 10a of the 
probe body 10. This technique provides for the athe- 
rmalization of the piezoelectric stack 48 in that the 
second strain gauge 60, attached to the super invar 
probe body 10, is used to provide a dc offset to the 
ac rrK)dulation voltage applied to the piezoelectric 
stack 48. 

This is shown in the waveform diagram of Fig. 2 
and in the simplif i d schematic diagram of Fig. 3. In 
that the presently preferred material for the probe 
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body 10 is super-invar, which has a negative coeffi- 
cient of thermal expansion, the dc bias voltage de- 
creases as temperature increases. If the selected ma- 
terial has a positive coefficient of thermal expansion, 
5 the dc bias voltage is caused to increase with increas- 
ing temperature. The end result is that the dc offset 
voltage changes the zero-modulation length of the 
piezoelectric stack 48 such that the piezoelectric ma- 
terial of the stack 48 "behaves" in a fashion similar to 
10 the super invar of the probe body 1 0. 

The waveform of Fig. 2 shows an exemplary 
command voltage that drives the piezoelectric stack 
48. The command voltage is nominally a saw tooth 
waveform having a frequency of, for example, 5 Hz. 
15 The closed loop control system of Fig. 3 drives 
the piezoelectric stack 48. The piezoelectric stack 
command position voltage is applied to an input ter- 
minal and, through a resistor R1 , to an error amplifier 
A1. Error amplifier A1 Includes a potentiometer R2 for 
20 adjusting the servo gain of the servo loop. The output 
of the error amplifier is applied through resistor R3 to 
a power amplifier A2. The output of amplifier A2 Is a 
current that is proportional to the output of the error 
amplifier A1. This current is applied to the piezoelec- 
25 trie stack 48 which integrates same and which 
changes its position (length) in response to the saw- 
tooth drive signal. The piezoelectric stack 48 is cou- 
pled to ground through a resistor R4. Mounted to the 
piezoelectric stack 48, for sensing a change in length 
30 thereof, is the strain gauge 58. Strain gauge 58, in 
conjunction with the strain gauge 60 that is mounted 
to the super-invar body 10, form two legs of a bal- 
anced bridge cirouit For the presently preferred em- 
bodiment each strain gauge (58, 60) has a nominal, 
35 unstrained, resistance of 360 Ohms. An input node of 
each of the strain gauges is coupled to a voltage ref- 
erence (VR) that provides a positive reference vol- 
tage to an input node of the strain gauge 58 and an 
equal, but opposite, potential to an input node of the 
40 strain gauge 60. An instrumentation amplifier A3 is 
coupled to a node that is connected between an out- 
put node of each of the strain gauges 58 and 60. A 
second input to the amplifier A3 is coupled to a refer- 
ence voltage that Is output by VR. This reference vol- 
45 tage is nominally zero volts. A3 amplifies a difference 
voltage obtained from the 1/2 bridge circuitformed by 
strain gauges 58 and 60. The magnitude of the differ- 
ence voltage is a function of the difference in strain 
applied to the strain gauges 58 and 60 due to the 
50 commanded change in length of the piezoelectric 
stack 48 and, in accordance with an aspect of the in- 
vention, a thermal expansion or contraction of the su- 
per-invar body 1 0. This error voltage is coupled to am- 
plifier A4. A4 includes a pot ntiometer R5 for adjust- 
55 ing the feedback gain and a potentiometer R6 for ad- 
justing the offset (zero). The output of amplifier A4 is 
coupled to the input of amplifier A1 for closing the ser- 
vo loop around the mirror 26 that is coupled to the pie- 

4 
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zoelectric stack 48. 

This technique effectively athermallzes the 
probe 1, in that any expansion or contraction of the 
super-invar Is matched by the piezoelectric stack 48, 
yielding a net zero change in the non-common beam 
path lengths. This athermalization technique sub- 
stantially reduces thermal drift uncertainties in the 
profilometry data. 

The open cell construction of the compact probe 
1 also beneficially reduces atmospheric effect uncer- 
tainties in the profilometry data, in that both refer- 
ence beam and sample beam paths have common at- 
mospheres. 

These techniques thus yield a low power, com- 
pact laser probe that is substantially immune to ther- 
mally-induced errors, and which exhibits a large dy- 
namic range/resolution of at least (10^:1 ). As a result, 
the compact laser probe 1 is well suited for use In the 
exemplary applications set forth in the objects of the 
invention listed above. 

While the Invention has been particularly shown 
and described with respect to a presently preferred 
embodiment thereof, It will be understood by those 
skilled in the art that changes in form and details may 
be made therein without departing from the scope 
and spirit of the invention. 



Claims 

1 . Optical metrology apparatus, comprising: 

a frame; 

means, coupled to said frame, for generat- 
ing a sample beam optical path and a reference 
beam optical path; and 

means, responsive to a change in dimen- 
sion of said frame, for varying a path length of the 
reference beam optical path so as to maintain 
said reference beam optical path length in a pre- 
determined relationship to a path length of said 
sample beam optical path. 

2. Optical metrology apparatus as set forth in Claim 
1 wherein the predetermined relationship is 
equality. 

3. Optical metrology apparatus as set fort h in Claim 
1 wherein said varying means includes a plurality 
of piezoelectric elements disposed in a stacked, 
serial relationship one with another, said plurality 
of piezoelectric elements having an excitation 
signal coupled thereto, and means, responsive to 
a change in dimension of said frame, for adjusting 
said excitation signal so as to compensate for a 
change in the dimensbn of said firame. 

4. Optical metrology apparatus as set forth in Claim 
3 wherein said varying means further includes a 
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first strain gauge means that is coupled to said 
plurality of piezoelectric elements for detecting a 
change in length thereof, and a second strain 
gauge means that is coupled to said frame for de- 

5 tecting a change In dimension thereof, and 

means, coupled to said first strain gauge means 
and to said second strain gauge means, for vary- 
ing said excitation signal in accordance with a dif- 
ference in strains detected by said first strain 

10 gauge means and by said second strain gauge 
means. 

5. Optical metrology apparatus as set forth in Claim 
1 wherein said varying means includes a closed 

15 loop control system that is responsive to a 
change in dimension of said frame for varying the 
path length of the reference beam optical path. 

6. Optical metrology apparatus as set forth in Claim 
20 1 wherein said frame is constructed of a material 

selected to have a predetermined coefficient of 
thermal expansion. 

7. Optical metrology ap paratus as set for t h i n Qaim 
25 1 wherein said generating means includes means 

for coupling an optical fiber to said firame. 

8. Optical metrology apparatus as set forth in Claim 

7 wherein said sample beam optical path in- 
30 eludes lens means optically coupled to an output 

of said optical fiber for focussing a sample beam 
at a desired position, and reflector means, dis- 
posed within said reference beam optical path, 
for directing a reference beam to a desired focus 
35 position. 

9. Optical metrology apparatus as set forth in Claim 

8 wherein the desired focus position of the sam- 
ple beam is at a surface of a sample object, and 

40 wherein the desired focus position of the refer- 

ence beam is at a surface of a phase modulating 
mirror means. 

10. Optical metrology apparatus as set forth in Claim 
45 7 wherein said generating means includes a 

beamsplitter optically coupled to an output of said 
optical fiber for splitting the output of said optical 
fiber into a sample beam and into a reference 
beam. 

50 

11. Optical metrology apparatus as set forth in Claim 
1 0 wherein said beamsplitter also combines a re- 
flected sample beam and a reflected reference 
beam and provides the combined beam back to 

55 said optical fiber. 

12. Optical metrology apparatus as set forth in Claim 
1 wherein said reference beam optical path is 

5 
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whdly contained within said frame. 

1 3. Optical nnetrology apparatus as set fort h in Ciaim 
7 wherein said optical fiber coupling nfieans in- 
cludes an optical fiber support means adapted for 
supporting a terminal end of an optical fib r, said 
optical fiber support means being rotatably cou- 
pled to said frame for positioning the terminal end 
of the optical fiber at a desired angular relation- 
ship with said frame. 

14. Optical metrology apparatus as set forth in Claim 
13 and further including means, coupled to said 
optical fiber support means, for fixing said optical 
fiber support means at the desired angular rela- 
tionship with said frame. 

15. Optical metrology apparatus, comprising: 

a frame comprised of a material selected 
to have a predetermined coefficient of thermal 
expansion; 

beamsplitter means, coupled to said 
frame, for providing a sample beam optical path 
and a reference beam optical path, said beams- 
plitter means being optically coupled to an optical 
fiber that delivers radiation to, and conveys radi- 
ation from, said frame; 

piezoelectric stack means having an exci- 
tation signal coupled thereto and including a mir- 
ror for phase modulating said reference beam 
optical path length in response to said excitation 
signal; and 

means, responsive to a change in dimen- 
sion of said frame, for varying the excitation sig- 
nal so as to maintain said reference beam optical 
path length substantially equal to a path length 
of said sample beam optical path. 

1 6. Optical metrology apparatus as set forth in Claim 
15 wherein said piezoelectric stack means in- 
cludes a first strain gauge means that is coupled 
thereto for detecting a change in length thereof, 
and wherein said varying means includes a sec- 
ond strain gauge means that is coupled to said 
frame for detecting a change in dimension there- 
of, said apparatus further including means, cou- 
pled to said first strain gauge means and to said 
second strain gauge means, for varying said ex- 
citation signal in accordance with a difference in 
sb-ains detected by said first strain gauge means 
and by said second strain gauge means. 

1 7. Optical metrology apparatus as set forth in Claim 
15 wherein said varying means includes a closed 
loop control system that is responsive to a 
change in dimension of said frame for varying the 
path length of the reference beam optical path. 



1 8. Optical metrology apparatus as set forth in Gaim 
15 and further including lens means optically 
coupled to an output of said optical fiber for fo- 
cussing a sample beam at a desired position, and 

5 reflector means, disposed within said reference 

beam optical path, for directing a reference beam 
to a desired focus position. 

19. Optical metrology apparatus as set forth in Claim 
10 18 wherein the desired focus position of the sanrv 

pie beam is at a surface of a sample object, and 
wherein the desired focus position of the refer- 
ence beam is at a surface of the phase modulat- 
ing mirror. 

15 

20. Optical metrology apparatus as set forth in Claim 
15 wherein said reference beam optical path is 
wholly contained within said frame, and wherein 
said sample beam optical path is partially con- 

20 tained within said frame. 

21. Optical metrology apparatus as set forth in Claim 
15 and further including optical fiber coupling 
means for coupling the optical fiber to said frame, 

25 said optical fiber coupling means including opti- 

cal fiber support means adapted for supporting a 
terminal end of the optical fiber, said optical fiber 
support means being rotatably coupled to said 
frame for positioning the terminal end of the opt- 

30 ical fiber in a desired angular relationship with 
said frame, said optical fiber coupling means fur- 
ther including means, coupled to said optical fiber 
support means, for fixing said optical fiber sup- 
port means at the desired angular relationship 

35 with said frame. 

22. Apparatus for coupling an optical fiber to a struc- 
ture, comprising: 

optical fiber support means for supporting 
40 a terminal end of an optical fiber, said optical fiber 
support means having a shape for being rotatably 
coupled to the structure for positioning the termi- 
nal end of the optical fiber in a desired angular re- 
lationship with a surface of the structure, said 
45 optical fiber support means further including 

means for maintaining said optical fiber support 
means at the desired angular relationship with 
the surface of the structure. 

so 23. Apparatus as set forth in Claim 22 wherein said 
means for maintaining includes a clamp member 
having a surface having a first recess made 
therein, the first recess having a first radius of 
curvature, wherein the surface of the structure 

55 has a second r c ss made therein, the second 

recess having a second radius of curvature, and 
wherein said optical fiber support means in- 
cludes a first edge and an opposing second dge. 
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the first edge and the second edge each having 
a radius of curvature selected so that the first 
edge is received within the first recess and so 
that the second edge Is received within the sec- 
ond recess. 5 
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(g) Optical metrology apparatus, specifically a 
laser probe (1) , includes a frame (10) comprised 
of a material selected to have a predetermined 
coefficient thermal expansion. A beamsplitter 
(36) is coupled to the frame for generating a 
sample beam optical path (D) and a reference 
beam optical path (C). The beamsplitter is opti- 
cally coupled to an optical fiber (12) that deliv- 
ers radiation to and conveys radiation from the 
firame. A piezoelectric stack (48) has an exci- 
tation signal coupled thereto and includes a 
mirror (26) for phase modulating the reference 
beam optical path length in response to the 
excitation signal. The laser probe Includes a 
first , strain gauge (58) that is coupled to the 
piezoelectric stacl< and a second strain gauge 
(60) that is coupled to the frame. A closed loop 
control system (Al, A2, A3. A4. VR) varies the 
excitation signal in accordance with the detec- 
ted strains so as to maintain the reference beam 
optical path length in a predetemnlned relation- 
ship to a patii length of the sample beam optical 
path. This athermalizes the probe, In that any 
expansion or contraction of the frame is match- 
ed by the piezoelectric stack, yielding a net zero 
change in the non-common beam path lengths. 
The apparatus includes an optical fiber support 
(14) that Is rotatably coupled to the frame for 
positioning the optical fiber at a desired angular 
position. 
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